Introduction
In a former paper the writer (10) reported experiments which showed that the virus activity of juice expressed from tobacco plants diseased with tobacco mosaic was correlated with the amount of nitrogen supplied to the plants. No conclusions could be drawn from these experiments as to whether this increased activity was due to an increase in the rate of virus multiplication or to some other factor, such as greater accumulation of virus particles over a longer period of time, less destruction of virus, or greater dispersion of aggregates of virus particles. Further studies have now been completed which suggest that the variation in virus activity resulting from a change in nitrogen supply may be brought about by a change in the rate of virus multiplication. Results obtained from several repetitions of the experiments to be described below agree closely with those reported in this paper.
Materials and methods Seedlings of Turkish tobacco (Nicotiana tabacum L.), used as experimental host plants, were grown in flats of sand and transplanted at the 3-leaf stage into 4-inch porous clay pots filled with washed white quartz sand. The pots were placed in porous saucers uniformly spaced on a raised bench in a greenhouse, the temperature of which varied between 70°and 80°F. Each seedling received 100 ml. of nutrient solution every other day and was supplied with water whenever necessary between nutrient applications. Low, medium, and high levels of nitrogen were maintained by the use of nutrient solutions, the composition of which has been described previously (10) . As in the earlier work, the solutions were all supplemented with boron and manganese, as HI3BO3 and MnSO4 2H2O, respectively, at a concentration equivalent to 0.5 p.p. ASSAY FOR VIRUS ACTIVTITY The expression "virus content" as used in this paper refers only to the virus activity of expressed juice. There is no reason to suppose, however, that the virus content of the plant is not well represented by the data obtained on samples of expressed juice. Phaseolus vulgaris L. var. Early Golden Cluster was used as the test plant as suggested by PRICE (6) . Bean plants, 9 or 10 days old, were selected for 'uniformity in the size of their primary leaves, the only leaves used for inoculation. On dark and cloudy days, supplementary illumination from 1000-watt Mazda bulbs was supplied to prevent the bean plants from becoming spindly. The assay for virus activity was carried out as follows: Suitable dilutions of the cleared juice were made with 0.1 M potassium phosphate buffer at pH 7.0. The virus activity of each dilution was then measured by the local-lesion method (2) . Full use was made of the half-leaf method (9) by comparing pairs of treatments on opposite leaf halves in all possible combinations. Since no more than 4 figure 1 . At all harvests except the first the virus content of the high-nitrogen plants was greater than that of the medium-nitrogen plants. On the 5th and 6th days after inoculation the virus content of the high-nitrogen plants was less than that of plants grown in soil, but on successive days after the 6th day it was progressively greater than that of the soil-grown plants. By the 10th day the high-nitrogen plants had 3 times more virus in their expressed juice than did the soilgrown plants. The virus activity of the medium-nitrogen plants was intermediate between the activities of the plants on these 2 treatments in both harvests after the 7th day. The virus activity of the low-nitrogen plants was considerably less than that of any other plants at all harvests. This evidence indicates that the addition of a large supply of nitrogen brought about a decided increase in the rate of virus multiplication, the increase being detectable as early as the 5th day after inoculation. Inasmuch as the increased nitrogen supply did not produce any noticeable increase in the rate of plant growth within the experimental period, differential growth cannot be considered as the factor responsible for this change in the rate of virus multiplication. The presence of readily available nitrogen in the sand cultures was influential in increasing virus multiplication at a rate faster than that which occurred in plants grown in composted soil.
In order to determine whether the effect of an increased nitrogen supply might also be detectable by a change in the amount of virus proteini in the expressed juice, an experiment of the same general plan as that of the previous experiment was conducted. It was necessary to modify the experimental procedure to some extent, however, to allow for the chemiical determination of the 7, the pulp was allowed to thaw at room temperature. The expressed juice was cleared of insoluble materials by low-speed centrifugation. One aliquot of the clarified juice was analyzed for virus-protein content, another for total-protein content, and a third was assayed for virus activity.
The virus protein was isolated by means of an air-driven ultracentrifuge (13, 14) as follows: Ten-ml. aliquots of the clarified juice were ultracentrifuged for 1 hour, at a speed of about 33,000 r.p.m., corresponding to a field with a mean force of approximately 60,000 times gravity. The pellet containing the virus protein was suspended in not over 10 ml. of buffer (0.1 Al potassium phosphate at pH 7.0). This suspension was thenl spun in an angle centrifuge for 10 minutes to remove pigment and aggregated colloidal matter. The supernatant solution containing the soluble virus protein was again ultracentrifuged, and this procedure followed by re-suspension of the virus protein and low-speed angle centrifugation to remove any remaining insoluble material. The supernatant solution was then made up to its original volume with buffer and analyzed for nitrogen (11) by digestion with concentrated H2SO4, in the presence of K2S04 and SeOCI, and distillation of the nitrogen present as ammonia. mnl.
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mng. From the data pertaining to the total protein measurements, it is apparent that the protein content per ml. of juice expressed from the low-nitrogen plants increased only 50 per cent. in the 8 days between the 4th and 12th days after inoculation. The plants of the other 2 nitrogen treatments, however, increased about 300 per cent. during the same period. During the 8-day period, the total protein content in the juice from the entire plant increased only 3-fold in the case of the low-nitrogen plants but increased about 14 times in the case of the medium-nitrogen plants and over 18 times in the case of the high-nitrogen plants. The plants in series A were quite small, since the initial addition of the high-nitrogen solution was made at the time of inoculation. At 4-day intervals after inoculation, representative plants were harvested from both the high-and medium-nitrogen treatments. At the first harvest, the juice from the high-nitrogen plants was 23 per cent. more active than that from the medium-nitrogen plants. After 8 days it was 48 per cent. more active and 4 days later 39 per cent. more active. In series B, the initial addition of the high-nitrogen solution was not made until the 6th day after inoculation, at which time the plants showed symptoms of systemic infection. With plants at this stage, the high-nitrogen treatment brought about a pronounced increase in the virus activity of the juice. Four days after the change in nutrient solution, juice from the high-nitrogen plants was 36 per cent. more active than that from the medium-nitrogen plants. It was 71 per cent. more active after 8 days and 97 per cent. more active after 12 days. This percentage increase is greater than that recorded in series A. This may be explained by the fact that in series A the plants were inoculated at the same time that high-nitrogen treatment was started. Therefore, several days were required for the virus to become established and to invade the plants systemically before it could respond to the added supply of available nitrogen. In series B, however, the plants were thoroughly diseased before the addition of the supplementary supply of nitrogen. In the third group (series C) the plants had been inoculated for 12 days before they received the high-nitrogen solution. With these larger plants, the high-nitrogen treatment apparently produced little or no increase in virus activity until the plants had been on treatment about 12 days. It may be that in larger plants the increased nitrogen supply does not become effective as rapidly as it does in medium-size plants. A similar relationship was found when the high-nitrogen treatment was started on the 18th day after inoculation.
The virus-protein content of the juice from plants 4 days after inoculation, before symptoms of systemic invasion had become apparent, was practically negligible. Eight days after inoculation, when the plants showed symptoms of systemic invasion, the virus-protein concentration in the juice of the high-nitrogen plants was 28 per cent. higher than that in the medium-nitrogen control plants. Four Another possibility that might explain the experimental evidence is that under certain growing conditions the virus particles within the plant or in the expressed juice may come together to form aggregates containiing many virus particles. If this assumption were correct, the high-nitrogen treatment might cause dispersal of virus particles into smaller aggregates, thereby producing more infectious units without actually increasing the total amount of virus present. The fact that in this study a corresponding increase was found not only in virus concentration as determiiined by the local-lesion method but also in virus-protein content would tend to rule out differential dispersion as an explanation for the observed facts.
Therefore, in the present state of our knowledge, it is permissible to state with certainty only that the high-nitrogen treatment has resulted in an increase in the virus content of the expressed juice. In the light of present evidence, it would seem logical to assume that an increase in the rate of virus multiplication may have taken place in the high-nitrogen plants. The increase appears to be correlated with the nitrogen supply itself and not in any direct way with a growth differential resulting from the nitrogen treatment. It is not improbable that even in small plants there may be only a limited supply of available nitrogen. In this case, as with larger plants, the competition for the available nitrogen between the normal growth processes and those responsible for virus formation may be a limiting factor in virus multiplication. With 
